The potential uses of clinical specular microscopy are reflected in diverse clinical applications. These include the assessment of the endothelium in donor corneae, 1-3 in monitoring different modes of anterior segment surgery,4-7 in the assessment of surgical techniques,8-1" the longitudinal effects of surgery,12 the action of agents in clinical use,13-'5 and the effects of naturally occurring diseases. 16-'8 The earlier generation of clinical specular microscopes as developed by Laing et al., '9 Bourne and Kaufman,20 and Sherrard14 were essentially similar in design. They all had objectives which applanated the cornea, and the size of the field photographed was small. Such microscopes offer high magnification and good image resolution but have limitations. Their field may be adequate for accurate estimation of cell density in normal corneae but not after a high percentage of cell loss. Laing et al. 21 have calculated that a minimum sample size of 50 to 100 cells will produce a reliable estimate of cell density in normal corneae. In patients with low cell density it may be impossible to obtain a field of more than 50 The purpose of this paper is to report a study comparing the performance of a commercially available contact specular microsope with that of a noncontact specular microscope in terms of patient acceptability, image quality, and the accuracy of cell density estimation.
Materials and methods
The specular microscopes used in the study were the Heyer-Schulte corneal endothelial camera (Model HS CEM 3) with an Olympus OMI camera unit and the Nikon noncontact endothelial camera.
The Heyer-Schulte microscope was calibrated by photographing a standard graticule through a Duragel 85 contact lens (refractive index 1 37), 0 5 mm thick, to simulate the cornea. The magnification of the endothelial cells on the film was found to be 80 5 times.
The on-film magnification of a standard graticule in air was found to be x 9-96 with the Nikon camera. In calibration of the noncontact microscope it is necessary to correct for the distortion of the endothelial image due to curvature of the cornea. The final endothelial magnification was calculated from a factor derived by Olsen29 to correct for horizontal distortion. 568
No vertical disparity in cell density was found on counting contiguous areas of cells along a 2 mm vertical slit in a patient with high cell density, which supports Olsen's calculation that no vertical correction factor is necessary.
Ten consecutive patients presenting for cataract surgery were recruited into the study. Their ages ranged from 22 to 85 years, with a mean of66-2 years.
Ten photographs were taken of the central corneal endothelium of each eye with the 2 cameras in turn. Noncontact specular microscopy always preceded contact microscopy to avoid any epithelial disturbance interfering with image resolution. When the contact microscope was used, photography was attempted whenever the observer was presented with a clear image of the endothelium. For noncontact specular photography the observer could alter the illumination slit and change the subject's point of fixation between photographs in an attempt to achieve the best balance between width of field and clarity.
All photography was undertaken by one of us (H.C.) who is experienced in the use of both microscopes. In comparing the 2 instruments the following features were assessed:
Time. The time taken to complete photography of both eyes with each camera was recorded by an independent observer. This included all preparative steps such as the instillation of topical anaesthetic in the case of the contact microscope.
Quality of photographic material. Ilford FP4 (ASA 125) films were used with the contact microscope and were developed in Acutol developer at 68'F (20°C) for 12 minutes. Kodak Panatomic film (32 ASA) was used with the noncontact microscope and was developed in Ilford ID 11 fine grain developer at 68:F (20:C) for 5 to 7 minutes. (Fig. 1 ). This is equivalent to an endothelial area of 0-017 mm2, which is comparable with that quoted by other workers (Table 1) . A minimum area of countable cells equivalent to 0.05 mm2 was considered acceptable for the noncontact microscope (Fig. 2) .
Counting methods. The 3 best photographs taken of each eye with each camera were used for estimating cell density. The contact microscope negatives were back-projected and cells counted within a superimposed grid by means of the counting techniques described by Sperling and Gundersen.32 For photographs taken by the noncontact camera the 3 best negatives for each eye were printed to a known magnification ( x 148) and cell counts undertaken within standard grids.
Patient tolerance. This was assessed by a simple questionnaire in which patients were asked whether photography with either microscope was unpleasant or uncomfortable, and which camera they would prefer for future photography.
Results
The time taken for photography did not vary significantly between the 2 modes of photography (Fig. 3) . Photography of both eyes was completed in less than 12 minutes in almost every case.
The percentage of acceptable photographs obtained with the two microscopes was similar (Fig. 4) . Less than half the photographs were found to be (Fig. 7) .
We found that the time taken for photography and the photographic standards achieved were almost identical for the 2 microscopes. This Our study has shown that noncontact specular microscopy with a modified slit-lamp allows accurate estimation of endothelial cell density. The advantages of the noncontact method outlined above make it a useful alternative to contact specular microscopy. It is a simple procedure which is particularly useful in clinical situations where large numbers of patients are to be photographed and where cell counting is more important than a study of morphology.
